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We present observations of molecular high-energy radiation probes and report 
the first detections of CO"*" toward W3 IRS5, a source containing ultracom- 
pact HII regions. UV radiation and X-rays from the central objects may en- 
hance molecules due to photodissociation and ionization processes. To study 
the effects on the immediate YSO environment, we are developing time- and 
depth-dependant chemical models containing UV and X-ray chemistry, by ex- 
tending the models of Doty et al. (2002). Molecules like C0+ or NO may be 
used as tracers of very early X-ray emission in regions of high extinction, from 
which no X-ray photons can be detected. 



1 Introduction 

In the very earliest stage of star formation, the young stellar object is sur- 
rounded by a collapsing envelope containing mainly dust and a large variety 
of molecules. Recently modeling of the dust continuum emission from the 
envelopes around high-mass (van der Tak et al. 1999, 2000) and low-mass 
protostars (J0rgensen et al. 2002) has been used to establish their physical 
parameters and as input for radiative transfer modeling in order to establish 
their chemical structure. The chemistry in these envelopes is complex and 
has several chemical characteristics with different diagnostics (van Dishoeck 
2002). Although molecular clouds exposed to external UV and X-rays have 
been studied for decades, very little is known about the influence of central 
UV radiation and X-rays on the chemical evolution of protostellar envelopes. 

In recent years it has become clear that YSOs are strong X-ray emit- 
ters. The observed X-ray luminosities range from approximately 10^^'^ to 
2^Q33gj.gg-i (Feigelson & Montmerle 1999, Preibisch 1998). The emission may 
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originate from accretion, from magnetic activity or, in massive stars, from stel- 
lar wind instabilities. Since the emission starts in the deeply embedded phase, 
its onset and initial intensity cannot be observed directly due to very high ex- 
tinction. It is therefore important to understand the influence of high-energy 
radiation on the chemistry in the envelopes around young stars in order to 
use molecules as tracers of X-rays and UV radiation. For this purpose we use 
detailed thermal balance and gas-phase chemical models to study the chem- 
ical evolution. In addition, we have started a JCMT program to search for 
chemical tracers such as CN, 00+ and NO in the envelopes of both high- and 
low-mass stars, as well as intermediate mass YSOs. 

2 Observations and Results 

Hyperfine lines of CN and NO with high critical densities have been de- 
tected toward several sources and CO"*" toward W3 IRS5 with the 15 m James 
Clerk Maxwell Telescope (JCMT)^ on Mauna Kea, Hawaii during several runs 
in 2003. For our observations we used the dual polarization receiver B3 at 
345 GHz as the front end in order to probe the highest density material close 
to the protostars rather than the lower-density surrounding cloud material. 
Figure 1 shows the observations of C0+ and Table 1 summarizes the results 
for the lines detected toward the massive star forming region W3 IRS5. The 
spectra have been reduced by using the GILDAS package. 

The James Clerk Maxwell Telescope is operated by the Joint Astronomy Centre, 
on behalf of the Particle Physics and Astronomy Research Council of the United 
Kingdom, the Netherlands Organization for Scientific Research, and the National 
Research Council of Canada. 
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Two or more hyperfine components have been fitted with the 
HPS fit method of CLASS. The hne integral is the sum of the 
hyperfine components. 




Fig. 1. CO+ fines observed with the JCMT in 2003 toward W3 IRS5. The spectra 
have been calibrated in units of corrected main-beam brightness temperature T^;,. 



3 Chemical Modeling 

To study the influence of X-rays and UV radiation from the young stellar 
object on its own environment, we used and developed the chemical models 
by Doty et al. (2002). The chemical model is based upon the UMIST gas-phase 
chemical reaction network (Millar ct al. 1997) and calculates the evolution of 
the cloud as a function of position and time. The density distribution and 



4 



P. Stauber, A.O. Benz, S.D. Doty, E.F. van Dishoeck, and J.K. j0rgensen 



the temperature structure are taken from continuum observations of the dust 
and it is assumed that they do not change significantly with time. Given a 
chemical model, the millimeter line radiative transfer can be computed and 
convolved with the beam of the telescope. The observed lines can then be 
compared to the modeled lines. 

As a first step, we have investigated the effects of UV radiation on the 
inner envelope (Stauber et al., in preparation). Figure 2 shows that molecules 
like CN and CO^ arc clearly enhanced by orders of magnitude in the inner 
600 AU. Assuming that the W3 IRS5 envelope is similar to that of AFGL 2591, 
the observed CN can be reproduced quantitatively with a modest UV field. 
The intensity of CO"*", however, is clearly underestimated by the UV models. 
The most efficient reactions to build up CO"*" in the presence of UV photons 
from the central source are C+ + OH ^ C0+ + H and C+ + O2 ^ C0+ 
+ O, thus a lot of CO"'' is produced by C"*". Kramer et al. (in preparation) 
measured C+ lines toward W3 IRS5 and modeled the PDR of the whole 
region with an appropriate UV field. The high C+ abundances could not 
be modeled, however. This suggests that CO"'" might be a tracer for X-rays, 
which has also been suggested by other authors (e.g. Krolik & Kallman 1983). 
X-ray photons can ionize heavy elements like carbon very efficiently leading 
to multiply ionized species, which then rccombine with electrons or react 
with H, He and H2 via charge transfer very quickly to singly ionized species. 
In addition CO may be ionized by secondary electrons from primary X-ray 
ionizations of heavy elements. X-rays can also penetrate deeper into the cloud 
than UV photons due to smaller cross sections. It is therefore essential to 
investigate also the effects of X-rays on the chemistry in the envelopes of 
YSOs, what is planned to do as a next step. Such model results may also 
be important to predict chemical radiation probes for future instruments like 
Herschel, which will be able to observe hydrates like CH, CH"'", OH and H2O, 
which are thought to be sensitive to high energy radiation. 
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Fig. 2. Modeled CN and CO"'" abundances from a massive protostellar envelope 
assuming different UV radiation fields incident on the inner envelope. The UV flux 
at 10^^'^ cm is characterized in units of Go, in, the enhancement of flux with respect 
to the average interstellar flux at 6 < /if < 13.6 eV of 1.6 x 10~^ ergcm"^ s~^. 
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